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Research Article
Pesticides Removal by Filtration over Cactus Pear
Leaves: A Cheap and Natural Method for Small-
Scale Water Purification in Semi-Arid Regions
This study aims to examine the efficiency of Opuntia ficus-indica for removing organo-
chlorine pesticides from surface waters. Adsorption properties such as size, dose, and
time of O. ficus-indica for aldrin, dieldrin, and dichlorodiphenyltrichloroethane (DDT)
were studied through stirring and column methods. Because of their high affinity and
swelling characteristics, dried O. ficus-indicawas studied in stirring while fresh unpeeled
O. ficus-indica was applied in both stirring and column experiments and proved to be
well-suited to column application. Before removing pesticides, the column was flashed
with distilled water eliminate the turbidity and smell from fresh unpeeled cactus. The
removal of pesticides increased with an increasing adsorbent dose and decreased with
adsorbent particle sizes. The optimum adsorbent dose is 10g for dried and 15g for fresh
unpeeled O. ficus-indica. The experimental results show that O. ficus-indica possesses strong
adsorption ability for aldrin, dieldrin, and DDT, and the adsorption isotherm data
obeyed the Freundlich model. The results of our small-scale experiments suggest a strong
potential to develop local small-scale water treatment units that can be used at the level
of individual households or local communities, using a widely available adsorbent.
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1 Introduction
The ever-increasing demands of societies in its quest for economic
development and drive for improved standards of living are leading
to increased use of raw materials. There is no doubt that the use of
chemicals has played a key role in the development of many of the
major sectors such as agriculture, industry, housing, transport,
textile, and health. Their use, however, results in a continuous
release of both naturally occurring and man-made substances
including gases, heavy metals, volatile organic compounds, soluble
organic compounds, suspended solids, color, nitrogen, and phos-
phorus compounds into the air, water, and soil [1]. Contamination of
water resources by pesticide residues is one of the major challenges
for the preservation and sustainability of the environment.
Extensive use of pesticides in world-wide agricultural practice in
addition to industrial emission during their production has led to
substantial occurrence of pesticide residues and their metabolites in
food commodities, water, and soil. For surface waters, peak concen-
trations ofmore than 5mg/L can be foundwhich is beyond theWHO’s
and EU’s drinking-water standards [2].
During the last few decades, the drinking water industry has
become increasingly concerned about the occurrence of organic
micropollutants in the source waters for drinking water supply
[3]. Organochlorine pesticides (OCPs) are still frequently in use all
over Africa both as a means for effective and cheap vector control
and for agricultural purposes [4]. One of the most controversial
pesticides of all time, dichlorodiphenyltrichloroethane (DDT) is
now widely used to defeat malaria, despite being banned in most
countries [5]. The toxicity of pesticides and their degradation prod-
ucts not only makes the contamination caused by these chemical
substances a potential environmental hazard, but also has a perma-
nent adverse effects on entire populations [6–12]. Run-off has been
shown to the major non-point source of pesticides to surface waters
in agricultural areas [13–16] and is dependent on the application and
physicochemical properties (such as the solubility, half-life time, and
KOC) of the pesticides as well as the characteristics of the catchment
[13, 17–19].
The adverse effects of pesticides are particularly strong in devel-
oping countries as a result of weak regulation and high cost of
providing water treatment systems, especially in rural areas.
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From an African perspective, this necessitates continuous monitor-
ing of pesticide residual status in agricultural areas where OCPs are
widely used. In Ethiopia aldrin, dieldrin, DDT, and other OCPs are
among the most widely used pesticides. An example is the Awash
state farms, in the east-central part of Ethiopia, practicing large-scale
agriculture using irrigationwithwater from the Awash River [20, 21].
The rapidly developing floriculture industry in the Ethiopian rift
valley also uses more pesticides than conventional ones. Recent data
from Ethiopian Agricultural Research Institute show that 18 of
the 96 insecticides and nematicides and 19 of the 105 fungicides
imported by the flower farms were not on the MPS-code list (the list
of pesticides registered in Ethiopia) [22]. Due to the growth of the
floriculture industry, environmental concerns are indeed growing
and environmentalists are raising many concerns in relation to the
use of too much pesticide and chemical fertilizers, disposal of waste
materials; the protection of water bodies is of great concern in
Ethiopia [23].
Several treatment processes are available for the removal of pes-
ticides from waters and wastewaters. Biodegradation, UV radiation,
oxidation, flocculation and filtration, adsorption on activated car-
bon, and membrane techniques are among them [24–31]. However,
these methods are all characterized by relatively high operational
costs, which hamper their large-scale introduction as small-scale
water treatment systems in rural areas of developing countries.
The effectiveness of powdered or granular activated carbon on
the elimination of pesticide residues from aquatic environments
is rather well studied [32–34]. However, the cost of activated carbon
filtration is enhanced by the need of frequent regeneration of the
activated carbon columns due to the occurrence of natural organic
matter. These molecules compete with the pesticides for adsorption
sites on the activated carbon [2, 33]. While ion exchange, reverse
osmosis are attractive methods for water purification, they do not
seem economically viable in developing countries because of their
high investment and operational costs.
Adsorption is the most versatile andmost used method because of
its ease of use on a large scale. Adsorption is a critical step in water
treatment as both particles and microorganisms are removed from
the water when applied in column operations. Adsorbents have the
capacity to remove pathogens and provide a superior water quality
improving human health significantly. The adsorption process has
therefore been claimed to be superior to other removal techniques
because of its simplicity and more economic operation [35]. In rural
areas of developing countries, cost-efficient technologies such as
natural and synthetic plant-based adsorbents may offer optimal
solutions. Recently, there has been an upsurge in interest in natural
adsorbents [36–38] especially to alleviate the problems associated
with water and wastewater treatments and to reuse by-products of
agriculture or food processing.
The Opuntia genus belongs to the Cactaceae family and is also
known as cactus pear plant or nopal [39]. Due to their efficient water
use, this crop is abundantly distributed in the arid and semi-arid
regions of many countries [40, 41].
Cactus pear, Opuntia ficus-indica, indigenous in central and
southern Mexico [42] was introduced to Ethiopia at the end of
19th century and is widely distributed in the northern arid and
semi-arid regions of the country [43]. The cactus plant, locally known
as ‘‘Beles’’, grows profusely; it is well adapted to the arid zones of the
country characterized by extended droughts, erratic rainfall, and
poor soils subject to erosion. In times of drought, it serves as a life-
saving crop to both humans and animals. It is used for animal fodder
(during dry season), human consumption (fruits), and under severe
drought conditions can be a very valuable resource to local com-
munities. Themiddle aged O. ficus-indica has been reported in its high
water content (89.83%) and mean mineral composition as percent
of dry matter: ca. 0.94; Mg, 0.19; K, 0.38; Na, 0.05; and P, 0.25 [44].
Today cactus pear has become a dominant plant in many areas.
Despite being an alien plant that is able to spread aggressively in the
absence of natural enemies, it is now accepted as an integral part
of the people’s environment and food security [45, 46]. Yet, this
abundant resource has not been studied in detail for its use in water
treatment. Although there are some studies on the use of O. ficus-
indica as a coagulant and adsorbent [39, 47–55], studies on the
removal of pesticides from water bodies have not yet been carried
out. The present study is aimed to examine the efficiency of O. ficus-
indica in removing micro-organic pollutants from surface waters.
More specifically, we will quantify the removal of the pesticides
aldrin, dieldrin and DDT.
2 Methods
2.1 Natural adsorbent preparation
O. ficus-indica was collected from the semi-arid zones of Tigray,
Ethiopia (see Supporting Information Fig. S1). The spines of the
cactus leaves were removed with a knife, and pads were rinsed
with tap water followed by deionized water. Fresh cactus pads were
used upon their arrival in the laboratory and were stored in the
refrigerator at 108C when not in use. Dissections of the fresh
Opuntia pads were performed manually. The skin was peeled from
the pad and maceration was performed on the entire pads using
knife. Dry Opuntia was prepared from small pieces of fresh Opuntia
pads dried at 808C for 24h. Prior to the grinding into different sizes
and use for treatment, the dried cactus was boiled in distilled water
several times until the washing was free from color. The cactus
samples were then dried again in an oven at 808C for 24h. The dried
Opuntia was then ground by a grinder resulting in different sizes of
particles and then sieved into different sizes: <0.25, 0.25–0.50, 0.50–
1.0, and 1–2mm. The dried, ground, and sieved Opuntia particles
were stored in an air tight container at room temperature. The fresh
Opuntia was cut into three size classes: small (1 cm), medium (2 cm),
and large (3 cm), see Supporting Information Fig. S2.
2.2 Chemicals
Analytical grade chemicals were used during the experiment:
Aldrin, dieldrin, DDT, and trifluralin (Sigma Aldrich), methanol
(VWR), dichloromethane (Fisher Scientific), anhydrous sodium sul-
fate (ACROS).
2.3 Sample preparation
Test solutions of OCPs (Table 1) were prepared from their compounds
by serial dilution of stock aldrin, dieldrin, and DDT solution
(500mgL1) using methanol. Stock solutions of trifluralin
(200mgL1) were also prepared as an internal standard using meth-
anol. In order to simulate actual concentrations of pesticides in
surface water, synthetic water of pesticide were made by spiking
of pesticides from the stock solution.
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2.4 Analytical methods
The OCPs, aldrin, dieldrin, and DDT were analyzed by GC on a Perkin
Elmer Auto System XL and a Perkin Elmer electron capture detector
(ECD), Leuven, Belgium. The column used was CP-Sil 8CB
(Chromopack, Holland). Before analysis, the samples were treated
with the adsorbent and pre-concentrated using liquid–liquid extrac-
tion. Two extractions with 35mL dichloromethane were carried out
for each sample. To control losses during extraction, 5mL of
100mgL1 trifluralin were added as an internal standard to each
sample. The extracts were combined and dried with anhydrous
sodium sulfate and concentrated to 1–2mL by evaporation at
658C in a Kuderna-Danish flask. The samples were kept in a refriger-
ator at 4 8C until analysis. Themethods of detection limits (MDLs) for
the pesticides used and their limits of quantification was 1mg L1
with the relative standard deviation (RSD %) value 1.8%.
2.5 Adsorption studies
2.5.1 Stirring experiments
Duplicate samples containing 100mL spiked water with 1mgL1
aldrin, dieldrin, and DDT were taken in reagent bottles (500mL) that
contained different amounts and particle sizes of fresh and dried
O. ficus-indica grains. The reagent bottles were shaken on a shaker
plate (VWR IKA Labortechnik) at 150 rpm (constant speed) and room
temperature (238C). After different time intervals, the solutions were
filtered over a 0.45-mm glass-fiber filter. A control (blank) with no
adsorbent was also set up to determine the adsorption of pesticides
effluent due to other factors. The filtered samples were taken for
pesticide extraction and analysis.
2.5.2 Column experiments
The column experiment was carried out using filter funnel columns
(KU Leuven, C. G. B.) with an internal diameter of 20mm and a
bottom with a pore size <0.25mm not to lose any adsorbent
material. The columns were made of transparent glass, and had a
height of 210mm. They were filled with 300 g of 1 cm size fresh
unpeeled cactus. Dried particles were not used since these take up
water easily which rapidly clogs the columns. Prior to column
filtration, the turbidity, color, and smell of the adsorbent material
were removed by flushing of distilled water through the adsorbent.
Then, the column was used for sample filtration. In these exper-
iments, a substantially lower concentration of pesticides (1–
20mg L1 of each component) was applied in order to approach
realistic concentrations in surface waters. Each time 500mL of water
spiked with 1mg L1 of pesticides (aldrin, dieldrin, and DDT) were
flushed through the column and the amount of pesticides in the
effluent determined. The small-scale column tests were performed in
a laboratory set-up by adjusting the flow rate to an average of
3.26 0.21mL s1 at room temperature. Through this the break-
through curve of the fresh unpeeled cactus was also determined.
2.5.3 Adsorption isotherm
The average amount adsorbed by the adsorbent at time t, qt (g/g) was
calculated for each experiment using the following equation:
Amount adsorbed; qt ¼ Ci  Ctð ÞV=W (1)
where Ci is the initial concentration in the solution (g/L), Ct is the
concentration in the solution at time t (g/L, i.e., after filtration), V is
the volume of solution (L), and W is the amount of adsorbent (g).
The percentage of adsorption is found from the relation:
Adsorption %ð Þ ¼ Ci  Ctð Þ=Ci  100 (2)
The results obtained for the adsorption of pesticides were ana-
lyzed by the Freundlich model. The logarithmic form of the
Freundlich model is given by the equation:
logqe ¼ logKF þ 1=n logCe (3)
where qe is the amount adsorbed (g/g), Ce is the equilibrium concen-
tration of the adsorbate (g/L), and KF and n are Freundlich
constants related to adsorption capacity and adsorption intensity,
respectively [56].
Table 1. Physical and chemical properties of the pesticides used in this study
Aldrin Dieldrin DDT
Chemical formula C12H8Cl6 C12H8Cl6O C14H9Cl5
Chemical structure
Cl
Cl
Cl
Cl
Cl Cl
Cl
Cl
Cl
Cl
Cl Cl
O CCl3
ClCl
Molecular weight 364.91 380.91 354.49
Physical state Crystalline solid Crystalline solid Solid
Melting point, 8C 104–105 176–177 109
Boiling point Decomposes Decomposes Decomposes
Density 1.6 g L1 at 208C 1.75g L1 at 258C 0.98–0.99 g L1
Solubility in water, mgL1 0.011 at 208C 0.110 at 208C 0.025 at 258C
Octanol/water partitioncoefficient, logKow 6.50 6.20 6.91
Water/organic carbon partition coefficient, logKoc 7.67 6.67 5.18
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The effects of experimental parameters such as adsorbent particle
size, time of contact, and dosage of the adsorbent were also inves-
tigated by varying one parameter above while keeping the other
parameters constant. Temperature and pH were kept constant at
238C and 7, respectively, for all stirring and column experiments. An
isotherm study was performed by mixing adsorbent to the pesticide
spiked solutions at different dosages while keeping all other
parameters constant. The sample was withdrawn for analysis at
the equilibrium time chosen based on the experiments.
3 Results and discussion
3.1 Determination of adsorption properties in
stirred batch experiments
3.1.1 Equilibrium time
The adsorption data for the uptake of pesticides versus contact time
(at a dispersion concentration of 6 g O. ficus-indica) are shown in Fig. 1.
The adsorption of pesticides with dry cactus as a function of contact
time is shown in Fig. 1A; 60min contact time is taken as a reference.
The adsorption of fresh unpeeled cactus remained constant already
after 10min contact time (Fig. 1B). This difference in adsorption
kinetics is rather remarkable and is probably related to the presence
of water in the fresh cactus, which allows taking up pesticide mol-
ecules more readily. A contact time of 10min was further applied to
study adsorption on fresh cactus.
3.1.2 Effect of adsorbent particle size
It was found that pesticides adsorption on dried O. ficus-indica and
fresh O. ficus-indica is strongly dependent of the particle size of the
adsorbent. This is shown in Fig. 2A for dried and Fig. 2B for fresh
O. ficus-indica, for a 100-mL solution containing 1mgL1 of aldrin,
dieldrin, and DDT in contact with 6 g adsorbents. The highest per-
centage of removal, both when using dried and fresh O. ficus-indica,
was observed in the treatments with the smallest particle size. The
dried adsorbent sizes of <0.25, 0.25–0.50, 0.50–1.0, and 1.0–2.0mm
resulted in removal of 98.6, 92.4, 81.8, and 78.3%, respectively, for
aldrin; 99.0, 95.7, 90.7, and 79.5%, respectively, for dieldrin, and 99.2,
94.0, 84.3, and 77.1%, respectively, for DDT. Fresh adsorbent sizes of
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Figure 1. Effect of contact time on adsorption of aldrin, dieldrin, and DDT
onto (A) dried O. ficus-indica, dose¼ 6 g, concentration¼10mg L1,
Particle size¼ 0.25–0.50mm, T¼ 23 8C, pH 7, and (B) fresh unpeeled
O. ficus-indica, dose¼6 g, concentration¼10mg L1, Particle size¼ 1 cm,
T¼ 238C, pH 7.
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Figure 2. Effect of adsorbent particle size on adsorption of aldrin, dieldrin,
and DDT onto (A dried O. ficus-indica dose¼6 g, concentration¼
60mgL1, T¼ 238C, pH 7, time¼ 60min and (B) fresh unpeeled
O. ficus-indica dose¼6 g, concentration¼ 20mg L1, T¼23 8C, pH 7,
time¼10min.
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small, medium, and large resulted in the removal of 42.6, 15.0, and
19.1%, respectively, for aldrin; 69.4, 20.8, and 28.7%, respectively, for
dieldrin and 10.5, 4.8, and 5.2%, respectively, for DDT. This is due to
the fact that the smaller particle sizes yield a larger surface area of
adsorbent, thus increasing the number of adsorption sites and
enhancing the adsorption capacity [56–58]. Therefore, because of
its efficient adsorption capacities and ease of separation, the size
class 0.25–0.50mm for dried and approximately 1 cm for fresh
O. ficus-indica adsorbent was chosen for the application of further
experiments.
Opuntia is characterized by the production of mucilage, which
forms molecular networks that are able to retain large amounts
of water [59], complex polymeric substances of carbohydrate nature
with a highly branched structure [60] and varying proportions of
L-arabinose, D-galactose, L-rhamnose, D-xylose, and galacturonic acid
in different proportions. These are the active components that pro-
vide the large adsorption capacity of Opuntia cactus. The mucilage
also increases the osmotic pressure, which enhances the capacity to
retain water. The presence of mucilage (‘‘cactus glue’’) explains why
fresh cactus exhibits a higher adsorption for aldrin, dieldrin, and
DDT than the dried cactus granules.
3.1.3 Optimum dosage of adsorbents using stirring
experiment
For the determination of the optimum dosage, different amounts of
O. ficus-indica (0.25–0.50mm for dried and 1 cm for fresh unpeeled
cactus) were added into beakers in duplicates. Fixed doses of
60mg L1 (spiked in 200mL for dried) and 5mg L1 (spiked in
100mL for fresh unpeeled) of pesticides were used to evaluate
the efficiency of their removal. As can be seen in Fig. 3A, pesticide
removal gradually increased in the range of 0–10 g and then
became constant, indicating that 10 g of dried O. ficus-indica is suffi-
cient for efficient (>80%) removal of the studied pesticides, which is
comparable with Bras et. al [61]. Figure 3B shows an increase in
pesticide removal in the range of 0–15 g, while at higher concen-
trations its efficiency was not further increased.
3.1.4 Adsorption isotherms
The logarithm of the load (qe, weight of pesticides adsorbed/initial
mass of adsorbent) is given as a function of the logarithm of the rest
concentration (Ce, the concentration of pesticides that is still in
the effluent after adsorption) is shown in Figs. 4 and 5 for dried
and fresh cactus, respectively. This suggests that the adsorption
of aldrin, dieldrin, and DDT follows the Freundlich isotherm.
The Freundlich constants were calculated and the values of these
under different experimental conditions are listed in Table 2. The
Freundlich equation had correlation coefficients (R) above 0.90 for
the dry and above 0.80 for the fresh unpeeled cactus, which was
thought acceptable given the nature of the material. This indicates
the formation of multilayer coverage of pesticide molecules at the
outer surface of the cactus adsorbents [62].
The value of KF determines the adsorption capacity of adsorbent at
equilibrium concentration in a solution [63] and higher KF value
corresponds to a higher adsorption capacity. According to the KF
values (see Table 2), the adsorption capacities of the pesticides
studied are higher for DDT and dieldrin than for aldrin in the dry
cactus adsorbent. Because adsorption of pesticides depends on their
physico-chemical properties [64], a more hydrophobic compound has
a higher adsorption capacity and thus higher removal efficiency [64].
Similarly, substances with high molecular mass have a tendency to
be adsorbed more strongly than chemical compounds with low
molecular mass [63]. Our results are partly in line with these pre-
dictions: Dieldrin, characterized by a higher molecular mass,
adsorbs more than aldrin, with a lower molecular mass. The high
adsorption capacity of DDT compared to dieldrin and aldrin might
be due to the higher logKOW [64].
The KF values of dry O. ficus-indica are lower than for the fresh
unpeeled O. ficus-indica adsorbent. This might be due to the presence
ofmucilage, which contains an active component that provides large
adsorption capacity and its higher osmotic property to retain water.
Hence, the fresh unpeeled cactus slices can be preferred for their
ease of preparation as a low-cost of adsorptionmaterial at household
level.
The slope (1/n) in Freundlich’s equation allows for assessing the
adsorption intensity of a given substance from the water phase by
the adsorbent [63]. The value of 1/n is known as the heterogeneous
factor and ranges between 0 and 1 [65]; the more heterogeneous the
surface, the closer 1/n is to 0 [66]. The slope (1/n) value for aldrin in the
dry cactus adsorbent is <1, suggesting nonlinear adsorption iso-
therms. A slope >1 for dieldrin and DDT in the dry cactus adsorbent
indicates that saturation was not attained, which are characterized
by an increase in the adsorption at higher aqueous concentration of
compounds and favorable adsorptions.
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Figure 3. Effect of adsorbent dose on adsorption of aldrin, dieldrin, and
DDT in a batch (stirring) experiment, onto (A) dried O. ficus-indica grains,
concentration¼ 60mg L1, and (B) fresh unpeeled O. ficus-indica slices,
concentration¼ 5mgL1.
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3.2 Adsorption of pesticides in filtration columns
3.2.1 Turbidity removal of fresh cactus
The use of unpeeled fresh cactus resulted in high turbidity of the
treated water due to the solubility of mucilage (intense yellowish to
green color) and result in a smell of the treated water [59]. Figure 6
shows that there is a lower increase of turbidity by washing with
distilled water before the pesticide removal experiments. Flushing
distilled water through the column results in removal of the turbidity
and smell from the fresh unpeeled cactus. The first liter of water
removes the largest fraction of the turbidity and <3.5 L was found
to be sufficient for 300g cactus to avoid smell. Turbidity is then reduced
to 2.62 NTU, which is in the range of international standards [67]
assumed acceptable. The volume needed for flushing should be further
optimized, which is possible by recycling water during flushing.
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Figure 5. Freundlich isotherm of aldrin, dieldrin, and DDT on fresh
unpeeled O. ficus-indica, size¼ 1 cm, in batch experiments.
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Figure 4. Freundlich isotherm of aldrin, dieldrin, and DDTon driedO. ficus-
indica, size¼ 0.25–0.50mm, in batch (stirring) experiments.
Table 2. Freundlich constants of aldrin, dieldrin, and DDTof different experiments
Adsorbate Stirring experiment for dried O. ficus-indica Stirring experiment for fresh unpeeled O. ficus-indica
1/n logKF R
2 1/n logKF R
2
Aldrin 0.94 1.78 0.90 2.67 6.34 0.87
Dieldrin 1.99 3.81 0.97 8.05 29.57 0.80
DDT 2.11 4.19 0.98 2.35 4.39 0.98
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Fixed doses of 20mg L1 of pesticides spiked in 25mL water were
used in experiments with different doses of fresh unpeeled cactus
slices. These doses varied between 5 and 25 g. As can be seen in Fig. 7,
the percentage of pesticide adsorbed increased as the amount of
fresh unpeeled cactus in the column increased. Twenty-five grams of
cactus was sufficient to remove >94% of aldrin and dieldrin, and
>88% of DDT, which is comparable with the stirring experiments
mentioned above.
3.2.2 Breakthrough of pesticides in column filtration
with fresh cactus
Breakthrough of the three pesticides studied for a column was
observed after filtering 3 L of water; the first pesticides to appear
in the filtered water were aldrin and DDT. This means that roughly
1 kg of fresh cactus leaves is needed to filter 10 L of contaminated
water, corresponding to 1 to 2 leaves. Although care should be taken
about the adsorption capacity for other pesticides (and, potentially,
othermicropollutants) thatmay occur in surface waters, themethod
is postulated to be feasible and safe for production of potable water
from sources contaminated with pesticides.
4 Conclusions
Our experiments show that the adsorbent material used, O. ficus-
indica, which is freely, abundantly, and locally available in semi-arid
regions such as Northern Ethiopia, is effective in removing pesticides
from water. It thus has potential for the development of an eco-
nomically viable, effective, inexpensive natural adsorbent for treat-
ment of polluted surface waters. The removal of pesticides takes
place due to surface adsorption and the adsorptive capability of
mucilage. Adsorption follows the Freundlich model. Based on our
study for three selected pesticides (aldrin, dieldrin, and DDT), it can
be concluded that column filtration over fresh cactus leaves cut in
parts of ca. 1 cm2 is a safe, natural, and effective method for small-
scale production of potable water. The column needs pretreatment
by flushing; this may be further optimized. Although during desorp-
tion test by flushing (qualitatively) no measurable contamination
of pesticides was obtained, further quantitative treatment of con-
taminated adsorption material is recommended. Moreover, biode-
gradation using fungal soils and bacteria can be used to treat
the adsorbents adsorbed with pesticides; this may also be further
studied.
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